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Abstract—We are developing YBapCu307.x
(YBCO) thermometers for large area bolometersthat
include a heater for calibration by the electrical
substitution of power. Because YBCO on buffered Si
is under mechanical stressand must be very thin to
avoid cracking, we find it is electrically sensitive
to its passivation layer. For example, passivation
by SrTiO3 raised the noise in our films by about a
factor of 100. An alternative is to first cap the
YBCO with Au for passivation, and then add an

insulator for electrical isolation. Such deviceshave
a narrower transition width, by a factor of 3.9. A
model with a shunt resistor across the
superconductor predicts a narrowing of the
transition, but by less than the observed amount.
The noise equivalent temperatures of our

thermometers, about 4 nK Hz'l/z, are not degraded
by the normal metal shunt, although the resistance
is decreased. The resistance can be raised using
AgAu alloy in place of Au, with equivalent noise
performance.

INTRODUCTION

We areextending development of highzToolometers by
making a large area device, 4 mm squarewith good
responsivity at ahopperfrequency of 10Hz, and the added
feature of ahin film heater forcalibration by theelectrical
substitution of powerElectrical calibration has bearsed in

a high-Tc radiometer based on a Cu cavity absorber [1], whi

gives a much slower response, a time constant ofif§ead
of the milliseconds of our thin film devices.

PASSIVATION

Here we focus primarily on the problem of passivating th

superconductor YBCO so thateater can béabricated on it
without unduly degradingits noiseequivalent powe(NEP).
YBCO is sensitive tovaterandatmospheriovater vapor [2-
4]. For example, a bulk sample exposed to 85% relative
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humidity at the modedemperature of 85 °C for 9fnin is
damaged to alepth of 320 um, as observed irts x-ray
diffraction intensity. Fortunately, epitaxial YBCO, like we
use, is less sensitive t@ater but we mustnevertheless be
concernetbecauseur YBCOfilms areless than 0.Jum in
thickness. Ordinary lithographic processing maylamage
them.

Interesting x-ray analyses have betane onthe surface
reactions of YBCCthin films in theatmosphere [Sbut the
more pertinent research for us is a comparative study of aging
of YBCO films on different substrates [6]. In that comparison
the YBCOfilm thicknesses on all substrateere much the
same as we use, 50 nm, because of the limited film thickness
allowed on Si substrates toavoid film cracking from
differential thermal expansion. That studgvaluated the
quality of the YBCO films by their lattice perfection, normal
state resistivity, criticalcurrent density, and long term
stability. YBCO on SrTiO3 (STO) was the best in all

categories and YBCO on Si was the poorest. In the ledtss
a thin buffer layer ofyttria stabilizedzirconia(YSZ is Zr&

with 10% Y»-O3) was used to avoidchemical reactions

betweenthe YBCO and Si. But this YBCO deteriorates
rapidly when it is in contaavith photoresist forpatterning
andduring etching. Thus, passivation is essentialaiwid
deterioration of YBCOfilms from processingand aging.
Measurements of thetability of YBCO films on other
substrates do not apply to films &i. To keep a practical
perspective onpassivation, however, note that vimve
Cﬂlready demonstratdtiat thermometers on Si giwexcellent
noise performanceover the short term ithere is no further
processing [7].

For the larger problem of fabricating anelectrical
substitution heater on a YBCOthermometer, we are
developing a two-step procesfist passivationand then
insulation. However, ouffirst attempt at passivation was to
Beposit polycrystalline YSZ on YBCO at rocemperature.
Subsequent processing included KOH etching of the bidek
(opposite theYBCO) of the Si chip using an O-ring seal to
confine the etchant to that surface. Etching at a temperature of
80 °C for 2 h 15 min reduced the supporting Si to a thickness
of 2.8 um, thedepth ofthe B doping.After this processing
the YBCO was no longesuperconducting at 76 KThus
poly-YSZ doesnot adequatelypassivate our YBCO, but it
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candidates ardghe processes ofmasking the chip with
photoresist, with a bake at 110 °C for fn, or thelonger
heating for KOH etching.



The most common passivatiarsedwith YBCO in our NET = V/ Iﬁ 1)
laboratory is epitaxial STO on YBCO on LaAbOj3 T gt
substrates. Wedeveloped afabrication method for STO where \4is the voltage noise per root hertz (at Hg) of the

passivation that was compatible with aiesirefor in situ  device with current bias I, and dR/dT isthe temperature
deposited Au contacts at the periphery of the device. The STgrivative of the device resistance R.reflated figure-of-merit
deposition employed a "hot" mask, a moveatsiadowmask is (1/R)dR/dT, which is of interest partlgecause it is a
that was in thermal contact with the 850 "C substratgroperty of thesuperconductothat is dependsonly on sheet
However, the YBCO thermometetBat we fabricatedwith  resistanceandnot thedetailedgeometry. Adeeperreason is
this maskhadhigh noise, about &actor of 100 higherthan  that \j, has several parts: amplifier noise, Johnson noise, and
unpassivated devicesThis result is consistent with the o, ass noise. Excess noise is proportional to thechiasnt
finding, mentioned above, that YBCO on Si is less stable ], which implies that it is proportional to R. For that

chemically morereactivethan on morefavorable substrates. o-con (1/R)dR/dEontains thedependence oNET on R if
The apparent reaction in this case is with the deposited STQo  excess noise dominates. Maximizing (1/R)dR/dT
An alternative explanation is that the hot maskised the inimizes NET in that case.

extra noise by contaminating the films. That seems unIikeR/1 To establish that our Alayer passivatethe film against
becausehe mask wasnade oft.he samehlgh-temperature further processing, we patterned photoresist onrdédwize and
alloy as the heater block on which the substrateorsded, S0 yapsitedMgO insulatorand aPdAu heaterpoth at room
this material hasalways been nearby durindepositions. (emnerature. Weneasuredhe device propertiesbefore and
Also, the mask is not as hot as theaterblock, it does ot 4fier the final two depositions, with nominally the same bias
have the red glow of that block. L current. These resularelisted in Table | for thet.0 x 7.6

_Chang, et al[8-10] haveshown thatYBCO thin films,  m gevice. The transition widthand the peak dR/dT were
with MgO and YSZ substratescan be passivated againstgjighily increased bythe processing, but the NEfEmained
water bycoating with a normal metal, 100 nm of Ag. Wegggentiallyunchangedwith increasedbias currentthe NET
decided totest passivation oTYBC_ZO on Si (Wlth the usual ecreases 16.1 nK Hz12 a value within 25% of the best
CeO and YSZ buffer layers) using a very thin layer of Au orﬁnpassivated thermometér which fise 5.0x 7.5 mm
top. Thishad abeneficialeffect in spite of thefact that the  yayice. Unfortunately, wefound that the heater was not
normal metal shunts the YBCO. electrically isolated from the thermometer, probabécause
of pinholes in the insulation.

Using another passivated device, weeasuredthe NET

. L . before and after etching of the Sibeneaththe detector, for

_Figure 1 shows thelerivative ofthe YBCO resistance hermpg isolation. With a biasurrent of approximately 5
with respect to temperatureersus temperature, faeveral  ma " tq avoid self heatingafter thermal isolation, the NET
devices. Datdrom both unpassivatedind passivatedYBCO a5 nearly the samefter etching of theSi, having increased
are shown. Summary data for these thermometers are giver,{n o more than 10%. (Note that all otheeasurements
Table |, where it is seethat theyhave verylow noise. The reported here ardor thermometers on thickSi, not Si
narrower transition of the passivated devieégh a full width membranes.) '

at half maximum of 0.38 K versus 1.66 for the Comparing the 5.6 7.5 mm unpassivated thermometer
unpassivated device, can be explained in part by the effect of &, the 4.0x 7.6 mm passivated thermometer with

EXPERIMENTAL RESULTS

shunt resistor mimicing the Au shunt. In the inset of the 25 s
figure we repeat the data (#) andalso show, as themaller I fad e
peak, the effect of hypothetically shunting thiavicewith a S50 e H ) 148
resistancethat gives the same asymptotiesistance as the T |z /o i g
passivated device (b). The effect of gteunt is toelectrically G5 [ A k_ Pk 3 S
short the highresistance(high temperature)part of the E Temperature 5\%0 3
transition, which narrows its width. However, both the Sio0f @ ¢ i % (b 122
narrowing and the peak value of dR/dT are less, by a factor of 5 47,5 Pl |3
2, than thecorrespondingvalues for thepassivateddevice. E °r / f \\— 1S
Some variation of transitiowidth is expectedfrom one o / _j ‘ —_—
device tothe next, but such variatiorsse the order of 30%, %4 85 86 87 85 89 90 o1 92
not a factor of 2. Consequently, our data imply ano#fiect: Temperature (kelvin)

superconductingfilm quality is enhanced by in situ _ o _

passivation. Chang hasuggestedthat the normal metal Fig9- 1. Terpp))elgaturfe derivatives ?}:B\E:Bc():g re&s_(tjange 7V§-
H f H S i temperature (a atafor unpassivate mmwiae oy /.

[gl_%ré’;}tesuttcmgf rg:r?gi)r?s rt]g zaé)rlee;rgflheisuperconductlncj]lIm mm long with 20.3 mA bias(b) Data forYBCO passivatedwith

. . . 20 nm of Au depositedh situ. Sample is 4 mmvide by 7.6 mm
In Table | welist the properties of foudevices we have long with 9.77 mA biasThe large peak in the inseftgure is a

testedusing measurement apparatdescribedpreviously [7].  repeat of thedata fromthe unpassivated device, (e smaller
The mainfigure-of-merit weprefer is the noiseequivalent peak isdata for ahypothetical device computed beffectively
temperature for the thermometer, shunting the YBCO with 1.8.



TABLE |
PROPERTIES OF YBCO THERMOMETERS FABRICATED ON SILICON SUBSTRATES

Sample Bias Transition T(K) for Peak R (1/R% Vi System
Width x Current Width Peak dR/dT Q) dR/dT (NVIWHz)NET
Length (mm) (mA) (K) dR/dT Q/K) (KD (NKWHz)

Unpassivated Thermometer

5.0x7.5 10.1 1.55 88.70 22.0 13.85 1.6 1.297 5.97
20.3 1.66 88.60 19.4 13.64 1.4 1.835 4.66
Au Passivated Thermometers
4.0x7.6 9.77 0.38 88.95 3.90 0.634 6.2 0.527 13.9
(with MgO  9.70 0.46 88.62 5.00 1.04 4.8 0.590 12.1
insulator)  20.9 0.57 88.47 4.30 0.964 4.5 0.550 6.1
4.0x4.0 9.92 0.37 88.33 2.25 0.395 5.7 0.470 21.0
20.8 0.47 88.32 1.90 0.391 4.9 0.460 11.6
50.3 0.51 88.10 1.70 0.403 4.2 0.390 4.60
50.2 0.51 88.10 1.70 0.403 4.2 0.372 4.36
+.040 +.47
AgAu Passivated Thermometer
4.0x4.0 9.71 0.74 88.90 4.15 1.33 3.1 0.702 17.4
20.9 0.75 88.77 4.30 1.33 3.2 0.403 4.48
20.9 0.75 88.77 4.30 1.33 3.2 0.404 4.49
+.030 +.33
nominally the samecurrent of 10mA, we see that the CONCLUSIONS

passivateddevice has a factor of 3.9 improvement in

(1/R)dR/AT,but the NET is not improved;ontrary to the A very thin layer of Au is sufficient to passivatéBCO

argument given above. This suggests that excess noise is @tSi. The lowest NET's obtained,.36 = 0.47and4.49 +

dominant in the latter device. Tha_tdenfirmed _by increasing .33 nK Hz1/2 are remarkable becautieey are aslow as

the bias current by a factor of 2 (in thevicewith the MgO  gny numbers previousleportedfor NET, and also because
insulator) and finding that the noise voltage doesmoease. the contributions from the thermometere asmall part of
The largest contributor to the noise is teamplifier [7], the NET's: the noise idominated bythe preamplifierThus,

with a voltage noise of 0.35 + 0.02 nV t42 and a current passivation with normal metalsioes not degrade the
noise of 31 + 4 pA H2/2 at 10 Hz. performance of thermometers, it improves them.

The next point of interest iffable | is a comparison of  For thermally isolated thermometers, as in bolometers, the
two 4 x 4 mm samples, ongassivatedvith 20 nm of Au bias current will be limited by self heatindepending on the
andthe other with 20 nm of AgAu alloy (50-50 atomicthermalconductancehat is used.This limitation on current
percent), which has higheesistivity. As the biagurrent is can be eliminated bysing voltage bias [12,13]which
increased inthe Au passivatedthermometer, the transition requires higher impedance thermometers if a trangiseamp
broadens and the peak value of dR/dT decreases somewhatjte be used. The advantage of alloy passivation ikigfiser
the NET steadily improves(decreases),approximately resistance, which when patterned tmeandetine, facilitates
inversely in proportion to the bias current. WEB.2 mA noise-impedancenatching for the measurement device
bias wedid an extended dataun at fixed temperature to current. Our results are competitive with thadgainedwith
accumulate statistics on the noise at 10 Hz, with the resultisgaller thermometers using thehibit fabrication process
uncertainties given in the noise voltagad System NET [14] and passivation by P§J15-17].
columns.

The AgAu-passivated thermometdras 3.3 times the
resistance othe Au-passivateddevice but about thesame
preamplifier limitedNET. In thepassivated devicethe bias ACKNOWLEDGMENT
currentwas limited toavoid self heating, but weachieved
amplifier-limited NET's in both cases.
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